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Abstract 
$FNQRZOHGJHG6\VWHPRI V\VWHPV 6R6PDQDJHUKDVQRGLUHFWFRQWURORYHU FRQWULEXWLQJV\VWHPV \HW WKH\GHOLYHUFDSDELOLWLHV
UHTXLUHGWRPHHWWKHSXUSRVHRIWKH6R6RSHUDWLQJLQDQLQWHUGHSHQGHQWHQYLURQPHQW)RUPLQJDMRLQWFDSDELOLW\E\FRQWULEXWLRQ
UHTXLUHV ERWK SHUVXDVLRQ DQG QHJRWLDWLRQEHWZHHQ WKH 6R6 FRRUGLQDWRU DQG HDFK LQGLYLGXDO V\VWHP1HJRWLDWLRQ KHUH LQYROYHV
PXOWLSOH SDUWLHV DQGPXOWLSOH LVVXHV 7KH FKDOOHQJHV KHUH LQFOXGH SUHGLFWLQJ DQ RSSRQHQW V\VWHP¶V QHJRWLDWLRQ EHKDYLRU DQG
UHDFKLQJDQHDURSWLPDOQHJRWLDWLRQRXWFRPHEDVHGRQWKHIROORZLQJWKUHHLVVXHVSHUIRUPDQFHGHPDQGVPDGHE\WKHFRRUGLQDWRU
PRQHWDU\EHQHILWVLQOLHXRIHIIRUWUHTXLUHGDQGWKHGHDGOLQHDVVLJQHGWRSUHSDUHIRUWKHILQDO6R6SDUWLFLSDWLRQIRUPDWLRQ7KH
QHJRWLDWLRQ IUDPHZRUNSURSRVHG LQYROYHVDQXQVXSHUYLVHGFOXVWHULQJRI WKHGLIIHUHQFHEHWZHHQRIIHUV IURPERWKSDUWLHVRQDOO
WKUHH LVVXHVE\FOXVWHULQJ WHFKQLTXHV 7KHFOXVWHULQJ UHVXOWV VR IDU LQGLFDWH WKHSUHVHQFHRI IRXUSURPLQHQWEHKDYLRUV VHOILVK
VHPLFRRSHUDWLYHRSSRUWXQLVWLFDQGH[WUHPHO\VHOILVK7KHFOXVWHUHGGDWDZDVXVHGWRWUDLQERWKDUDGLDOEDVVIXQFWLRQQHWZRUN
5%)1DQGDOLQHDUYHFWRUTXDQWL]DWLRQQHWZRUN/941WRSUHGLFWIXWXUHRIIHUV2QFHWUDLQHGWKH6R6PDQDJHUXVHVWXSOH
IX]]\ OLQJXLVWLF UHSUHVHQWDWLRQPRGHO IRU GHFLVLRQPDNLQJ$ WLPHGHSHQGHQW VWUDWHJ\ LV XVHG WRJHQHUDWH DQHZRIIHU E\6R6
PDQDJHUWRWKHV\VWHPV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
Keywords6\VWHPRI6\VWHPVQHJRWLDWLRQXQVXSHUYLVHGEHKDYLRUUDGLDOEDVLVNPHDQVFOXVWHULQJKLHUDUFKLFDO/94QHWZRUN
1. Introduction 
$FNQRZOHGJHGV\VWHPRIV\VWHPV6R6FDQRQO\EHIRUPHGZKHQV\VWHPVSDUWLFLSDWHYROXQWDULO\7KLVUHTXLUHV
QHJRWLDWLRQV LQ EHWZHHQ WKH 6R6 FRRUGLQDWRU DQG WKH V\VWHPV EHIRUH SUDFWLFDO UHDOL]DWLRQ FDQ RFFXU 'DJOL HW DO
 ,QGLYLGXDO V\VWHPV DUH LQGHSHQGHQW HQWLWLHV ZLWK WKHLU RZQ JRDOV SHUIRUPDQFH DQG LQWHURSHUDELOLW\
FRQVWUDLQWV7KH6R6FRRUGLQDWRUQHHGVWRXQGHUVWDQGWKHV\VWHPVEHKDYLRUVRWKDWLWFDQQHJRWLDWHEHWWHU$GRPDLQ
LQGHSHQGHQW QHJRWLDWLRQ IUDPHZRUN LV SUHVHQWHG KHUH IRU PRGHOLQJ WKLV FRQGLWLRQ 7KH PRGHO FDQ EH H[WUHPHO\
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KHOSIXOLQTXLFNO\IRUPLQJWKH6R6DFKLHYLQJWKHODUJHUJRDORI6R6DQGDLGLQJWKH6R6PDQDJHULQIXWXUHGHFLVLRQ
PDNLQJ WKURXJKDGDSWLYH OHDUQLQJRI V\VWHPVEHKDYLRU $ UHYLHZRIRWKHUPRGXOHV LQ WKH IOH[LEOH LQWHOOLJHQW DQG
OHDUQLQJDUFKLWHFWXUHVIRUV\VWHPVRIV\VWHPV),/$6R6FDQEHDFFHVVHGIURP$JDUZDO:DQJ	'DJOL
2. Problem Statement 
)LUVWO\ D PHWDDUFKLWHFWXUH FRQVLVWLQJ RI D VHW RI V\VWHPV DQG WKHLU LQWHUFRQQHFWLRQV LV REWDLQHG XVLQJ IX]]\
JHQHWLF HYROXWLRQDU\ WHFKQLTXHV /RXLV 3DSH HW DO  DQG W\SH , IX]]\ VHWV DV ILWQHVV HYDOXDWRU $ ELODWHUDO
FRXQWHURIIHUEDVHGQHJRWLDWLRQPHFKDQLVPEHWZHHQDQ6R6PDQDJHUDQGDQLQGLYLGXDOV\VWHPLVHPSOR\HGXQGHUWKH
IROORZLQJ WKUHH DWWULEXWHV SHUIRUPDQFH GHPDQGV PDGH E\ WKH FRRUGLQDWRU PRQHWDU\ EHQHILWV LQ OLHX RI HIIRUW
UHTXLUHG DQG WKH GHDGOLQH DVVLJQHG WRSUHSDUH IRU WKH ILQDO6R6SDUWLFLSDWLRQ IRUPDW7KLVSDSHU IRUPV DPRGXOH
ZLWKLQDSURMHFWWKDWKDVEHHQGHVLJQDWHGDVDIOH[LEOHLQWHOOLJHQWDQGOHDUQLQJDUFKLWHFWXUHVIRUDV\VWHPRIV\VWHPV
),/$6R6 'DJOL  7KH SDUWLFLSDWLQJ V\VWHPV SURSRVHG WKHLU RIIHUV EDVHG RQ WKUHH EHKDYLRUV VHOILVK
FRRSHUDWLYHDQGRSSRUWXQLVWLF$Q$1</2*,&VRIWZDUHIRUVLPXODWLRQEDVHGLQWHJUDWHGPRGHOZDVGHVLJQHGWR
QRW RQO\ LQFRUSRUDWH QHJRWLDWLRQ VWUDWHJLHV EXW DOVR JHQHUDWH PXOWLSOH UHVSRQVHV IURP WKH FRXQWHURIIHU JDPH
EHWZHHQWKHWZRSDUWLHV$JDUZDOHWDO7KH6R6FRRUGLQDWRUZDVQRWLQIRUPHGRIDSDUWLFLSDWLQJV\VWHP¶V
EHKDYLRUDOVWUDWHJLHVDQGGHVLUHVWRDGDSWLWVQHJRWLDWLRQSROLF\DFFRUGLQJO\
7KHUHPDLQGHURIWKLVSDSHULQFOXGHVERWKDOLWHUDWXUHUHYLHZRQDGDSWLYHQHJRWLDWLRQSURWRFROVLQ6HFWLRQDV
ZHOO DV WKH PHWKRGRORJ\ XVHG WR SUHGLFW WKH RSSRQHQW¶V QHJRWLDWLQJ EHKDYLRU 6HFWLRQ  )XWXUH ZRUN DQG
FRQFOXVLRQLQFOXGHVDFRXQWHURIIHUPHFKDQLVPEDVHGRQWLPHGHSHQGHQWVWUDWHJ\IRUWKH6R6FRRUGLQDWRU6HFWLRQ
3. Seminal Work 
$XWRPDWHGQHJRWLDWLRQLVDQLQWHJUDOSDUWRIV\VWHPVDFURVVDOOGRPDLQV-HQQLQJVHWDO1HJRWLDWLRQLVWKH
LWHUDWLYHSURFHVVRIVHWWOLQJRQHLWKHURQHLVVXHRUPXOWLSOHLVVXHVEHWZHHQQHJRWLDWLQJSDUWLHV)DWLPD:RROGULGJH
	-HQQLQJV(DFKSDUW\QHJRWLDWHVLQLWVRZQLQWHUHVWWRUHDFKDWOHDVWWKHVDPHRIIHURUDEHWWHURXWFRPHWKDQ
WKDWSUHYLRXVO\PDGH$Q7KHVLPSOHVWIRUPRIDQHJRWLDWLRQPHFKDQLVPLQYROYHVWZRSDUWLHVDQGRQHLVVXH
=KHQJ HW DO  GHWHUPLQHG WKDW FRRSHUDWLYH QHJRWLDWLRQ LQ PXOWLDJHQWV LV D GHFLVLRQ SURFHVV QHFHVVDU\ IRU
UHVROYLQJPXOWLSOH LVVXHV WKDWPD\RUPD\QRWEHPXWXDOO\H[FOXVLYH 0RVWRI WKHFXUUHQW UHVHDUFK LV IRFXVHGRQ
DVVLJQLQJXWLOLW\ IXQFWLRQVHQFRPSDVVLQJDOO LVVXHVRUDIXQFWLRQIRUHDFKLVVXHDQG WKHQFRPELQLQJWKH XWLOLWLHVWR
HVWLPDWH WKHRYHUDOO EHQHILWRIDQRIIHU ,WR7 HW DO :HLJKWLQJ WKHXWLOLWLHVRI HDFK LVVXHDQGFRPELQLQJ
WKHP WR JHW DQ RYHUDOO HVWLPDWH RI WKH RIIHU DVVXPHV QHJRWLDWLRQ WR EH D OLQHDU SUREOHP1HJRWLDWLRQ RQPXOWLSOH
LVVXHV LV XVXDOO\ D KLJKO\ QRQ OLQHDU SUREOHP 7KH V\VWHPV FDQ DOVR H[KLELW GLYHUVH EHKDYLRUV WKDW FDQQRW EH
HVWLPDWHGDVDNQRZQIXQFWLRQ$VDUHVXOWSUHGLFWLQJWKHLUSUHIHUHQFHUDQNLQJIRUDSDUWLFXODULVVXHDQGKRZWKH\
HVWLPDWHWKHXWLOLW\RIHDFKLVVXHFDQEHGLIILFXOW0DUVi0DHVWUHHWDO
$ EHWWHU DSSURDFK XVHV RSSRQHQW¶V SUHYLRXV RIIHU WR FDOFXODWH LWV EHKDYLRU DQG WKHQ DGDSW WKH UHVSRQVH
DFFRUGLQJO\&KHQ	:HLVV'LIIHUHQWDGDSWLYHVWUDWHJLHVKDYHEHHQSURSRVHGHDUOLHUHJWKH$%L1H6$Q
$GDSWLYH%LODWHUDO1HJRWLDWLQJ6WUDWHJ\RYHU0XOWLSOH,WHPVWRHIIHFWLYHO\KDQGOHGLIIHUHQWW\SHVRIRSSRQHQWV+DR
	/HXQJ2WKHUVWUDWHJLHVLQFOXGHJDPHWKHRUHWLFDQDO\VLV-RUGDQ.LHNLQWYHOG	:HOOPDQJHQHWLF
DOJRULWKPV-LDQ/L&KDQJ	%RGLIIHUHQWLDOHYROXWLRQ%L	;LDR%D\HVLDQQHWZRUNV+LQGULNV	
7\NKRQRYQHXUDOQHWZRUNV&DUERQQHDX.HUVWHQ	9DKLGRYDQGIX]]\ORJLF/XRHWDO
4. Methodology 
7KHIROORZLQJSDUDJUDSKVRXWOLQHWKHSURFHVVRIDQDO\]LQJWKHQHJRWLDWLRQGDWD
4.1. First round of negotiation& Data preprocessing 
$Q6R6FRRUGLQDWRUXVHG LQLWLDOHVWLPDWHVRI WKHSUREOHP¶VFRPSOH[LW\DQGVL]HFRPELQHGZLWK WKHDPRXQWRI
UHVRXUFHVFXUUHQWO\SRVVHVVHGWRSURSRVHDILUVWRIIHUWRLQGLYLGXDOV\VWHPV7KHVHV\VWHPVWKHQUHVSRQGHGWRWKHILUVW
RIIHU DFFRUGLQJ WR WKHLU QHJRWLDWLRQ EHKDYLRUV )RU H[DPSOH D FRRSHUDWLYH V\VWHP ZRXOG DJUHH WR ZRUN IRU OHVV
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PRQH\WKDQDVHOILVKV\VWHPZRXOG6LPLODUO\DVHOILVKV\VWHPZRXOGDVNIRUPRUHPRQH\LQOLHXRIWLPHWDNHQWR
SUHSDUH IRU SDUWLFLSDWLRQ 7KH 6R6 FRRUGLQDWRU UHFRUGHG ERWK WKH RIIHU DQG WKH FRXQWHURIIHU IRU HDFK V\VWHP  ,W
FDOFXODWHG WKH DPRXQW RI FRQFHVVLRQ LQ HDFK LVVXH IRU HDFK V\VWHP &RQFHVVLRQV LQ SHUIRUPDQFH IXQGLQJ DQG
GHDGOLQHVZHUHFDOFXODWHGIRUHDFKV\VWHPMVHH7DEOH
7DEOH&RQFHVVLRQFDOFXODWHGE\6R6PDQDJHUIRUHDFKV\VWHP
6\VWHPM 3HUIRUPDQFH )XQGLQJ

'HDGOLQH
 ο୮ൌ36R636 ο୤ൌ)6R6)6

οୢ ൌ'6R6'6

x 36R63HUIRUPDQFHGHPDQGVE\6R6WRV\VWHPM
x 363HUIRUPDQFHDFFHSWHGWREHGHOLYHUHGE\V\VWHPMWR6R6
x )6R6)XQGLQJSURYLGHGE\6R6WRV\VWHPM
x )6)XQGLQJDVNHGE\V\VWHPMWR6R6
x '6R6'HDGOLQHGHPDQGVE\6R6WRV\VWHPM
x '6'HDGOLQHDFFHSWHGE\V\VWHPMWR6R6

7KHVFDOHIXQFWLRQLQ5ZDVXVHGWRERWKFRPSXWHDQGVWDQGDUGL]HWKHGLIIHUHQFHEHWZHHQWKHVHYDOXHV7KLV
VWDQGDUGL]HGGDWDLVWKHQXVHGIRUXQVXSHUYLVHGFOXVWHULQJRSHUDWLRQV+LHUDUFKLFDOFOXVWHULQJ/DQJIHOGHU=KDQJ	
+RUYDWKZDVFRQGXFWHGRQWKHGDWDWRFODULI\WKHQXPEHURIFOXVWHUVWKDWPD\EHSUHVHQW7KHPHWKRGXVHG
KHUH:DUG
VPHWKRGEHJDQZLWKQFOXVWHUVRIVL]HDQGLWHUDWHGXQWLODOORIWKHREVHUYDWLRQVZHUHLQFRUSRUDWHGLQWR
RQHRIWKHFOXVWHUV7KHIROORZLQJQRWDWLRQGHVFULEHVWKHFOXVWHULQJRSHUDWLRQ
x QWKHQXPEHURIREVHUYDWLRQVPDGH
x YWKHQXPEHURIYDULDEOHVSUHVHQW
x [LWKHLWKREVHUYDWLRQFRQGXFWHG
x 7WKHQXPEHURIFOXVWHUVWKHXVHUHLWKHUSUHGLFWHGRUGHILQHG
x &.WKH.WKFOXVWHUDVXEVHWRI^7`
x 1.WKHQXPEHURIREVHUYDWLRQVSUHVHQWLQ&.
4.1.1. Hierarchical clustering
)LJXUH$GHQGRJUDPE\:DUGPHWKRGVKRZLQJIRXUPDMRUFOXVWHUV)LJXUH)RXUUHGER[HVRYHUWKHPDMRUFOXVWHUVLQWKHGHQGRJUDP
)LJXUH  OLVWV DOO RI WKH VDPSOHV LQ WKH FOXVWHULQJ GDWDVHW ,W DOVR LQGLFDWHV DWZKDW OHYHO RI VLPLODULW\ DQ\ WZR
FOXVWHUVZHUHMRLQHG+RUL]RQWDOOLQHVLQGLFDWHWKHGLVWDQFHDWZKLFKFOXVWHUVZHUHMRLQHG7KHILUVWRSWLRQZRXOGEHD
OLQHMXVWDERYHDKHLJKWRIWKLUW\FUHDWLQJIRXUFOXVWHUV2WKHURSWLRQVLQFOXGHDQ\KRUL]RQWDOOLQHEHORZWKDWOHYHO
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ZLOOLQFUHDVHWKHFOXVWHUVL]HWRPRUHWKDQVHYHQ6HYHQQHJRWLDWLRQEHKDYLRUVDUHQRWH[SHFWHGWREHSUHVHQWLQWKH
GDWD7KHUHIRUHWKHILUVWRSWLRQLVFKRVHQ
4.1.2. K-means clustering 

$OO.PHDQV FOXVWHULQJ 0DF4XHHQ  UHTXLUHGZDV WKH QXPEHU RI FOXVWHUV N WR EH JLYHQ DV LQSXW 7KH
UHVXOWV JDWKHUHG IURP WKH GHQGRJUDP LQGLFDWHG WR DWWHPSW NPHDQV FOXVWHULQJ ZLWK DQ LQSXW RI  FOXVWHUV LQ 5
$QRWKHU FRQILUPDWLRQ FRPHV IURP )LJXUHZKLFKSORWV WKHZLWKLQ JURXSV VXPRI VTXDUHVE\QXPEHURI FOXVWHUV
H[WUDFWHG)LJXUHKHOSHGGHWHUPLQH WKHDSSURSULDWHQXPEHURIFOXVWHUV IRUNPHDQVE\ ORRNLQJ IRUDEHQG LQ WKH
SORWZKLFKLQWKLVFDVHVHHPVWRIDOODURXQGWKHPDUNRIFOXVWHUV(YHUULW	+RWKRUQ


)LJXUH$SORWRIWKHZLWKLQJURXSVVXPRIVTXDUHVE\QXPEHURIFOXVWHUVH[WUDFWHG
7KHQXPEHURISRLQWVXVHG LQNPHDQVZDVWKHQXPEHURIGLPHQVLRQVZDVDQGWKHQXPEHURIH[SHFWHG
FODVVHV LV 7KH UHVXOW KDGSRLQWV LQ FODVV  LQ FODVV  LQ FODVV DQG ILQDOO\ LQ FODVV $OO RI WKH
SDLUZLVHGLVVLPLODULWLHVGLVWDQFHVEHWZHHQREVHUYDWLRQVLQWKHGDWDVHWZHUHFRPSXWHGWRJHQHUDWHDVLOKRXHWWHSORW
$VLOKRXHWWHUHSUHVHQWVHDFKFOXVWHU7KHHQWLUHFOXVWHULQJZDVGLVSOD\HGE\FRPELQLQJWKHVLOKRXHWWHVLQWRDVLQJOH
SORW VHH )LJXUH  7KLV WHFKQLTXH DVVLVWHG LQ VHOHFWLQJ WKH QXPEHU RI FOXVWHUV WKDW PD[LPL]HG WKH VLOKRXHWWH
FRHIILFLHQW


)LJXUH6LOKRXHWWHSORWEDVHGRQWKHGLVVLPLODULW\PDWUL[RIFOXVWHUHGGDWD
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7KHVLOKRXHWWHZLGWKLVPHDVXUHGKRZFORVHHDFKSRLQWZDVIURPRWKHUSRLQWVLQWKHVDPHFOXVWHUDVFRPSDUHGWR
SRLQWV LQRWKHU FOXVWHUV ,I RQHSRLQWZDV FORVHU WRSRLQWV LQ QHLJKERULQJ FOXVWHUV WKDQ LWZDV WRSRLQWV LQ LWV RZQ
FOXVWHU WKHQ WKH FOXVWHULQJ ZDV LQHIILFLHQW DQG WKH YDOXH RI WKH DYHUDJH VLOKRXHWWH ZLGWK GHFUHDVHV )LJXUH 
LOOXVWUDWHVWKHIROORZLQJFKDUDFWHULVWLFVIRUHDFKFOXVWHU
x WKHQXPEHURISORWVSHUFOXVWHULVHTXDOWRWKHQXPEHURIKRUL]RQWDOOLQHV
x WKHQXPEHURISRLQWVLQHDFKFOXVWHUDQGWKHLUDYHUDJHVLOKRXHWWHZLGWK
x SORWVZLWKDQDYHUDJHVLOKRXHWWHZLGWKLQWKLVFDVHYDOXHLQGLFDWHVWURQJHUFOXVWHULQJ

7KHDYHUDJHVLOKRXHWWHZLGWKYDOXHFDQEHLQWHUSUHWHGDVIROORZV
 ²*RRGFOXVWHULQJKDVEHHQDFKLHYHG
 $UHDVRQDEOHFOXVWHULQJKDVEHHQDFKLHYHG
 ²FOXVWHULQJIRUPHGLVDSRRUILWWRWKHGDWD
 1RFOXVWHULQJZDVLGHQWLILHG
7KHV\VWHPV¶EHKDYLRUVDVUHIOHFWHGLQWKHIRXUFOXVWHUVFDQEHH[SUHVVHGDVIROORZV
x &ODVVUHDG\IRUSDUWLFLSDWLRQLQOHVVHUWLPHDVNVIRUOHVVIXQGLQJDQGSURYLGHVDVWURQJHUSHUIRUPDQFH 
x &ODVV5HTXHVWIRUPRUHWLPHWRSDUWLFLSDWHDVNVIRUOHVVIXQGLQJSURYLGHVDVWURQJHUSHUIRUPDQFH
x &ODVVUHDG\IRUSDUWLFLSDWLRQLQOHVVHUWLPHDVNVIRUOHVVIXQGLQJDQGSURYLGHVDZHDNHUSHUIRUPDQFHWKDQDQ\
RIWKHRWKHUFOXVWHUV   
x &ODVV5HTXHVWIRUPRUHWLPHWRSDUWLFLSDWHDVNVIRUPRUHIXQGLQJSURYLGHVDVWURQJHUSHUIRUPDQFH  
6\VWHPVLQ&ODVVFDQEHUHIHUUHGWRYHU\FRRSHUDWLYH&ODVVDQGV\VWHPVFDQEHUHIHUUHGWRDVDUHVHPL
FRRSHUDWLYH&ODVVFDQEHUHIHUUHGWRDVVHOILVK
4.2. RBFN & LVQN Architecture based on the clustered data 
7KHFOXVWHUHGGDWDWKHQFDQEHYLHZHGDVDPDSSLQJRILQSXWVYDULDEOHVWRWDUJHWFODVVHVDQGLVXVHGWRWUDLQD
UDGLDOEDVLV IXQFWLRQQHWZRUN 5%)1%XKPDQQIRUSUHGLFWLRQ7KHFHQWHUV REWDLQHGE\NPHDQVFDQEH
XVHGWRFRPSXWHQRWRQO\FHQWHUEXWDOVRWKHZLGWKIRUHDFKEDVLVIXQFWLRQ7KHIRUPXODߪ ൌ ௗ೘ೌೣξ௠ LVXVHGWRIL[WKH
NHUQHOVZLGWK+HUHGPD[ LV WKHPD[LPXPGLVWDQFHEHWZHHQWKHFKRVHQFHQWHUVDQGPLVWKHQXPEHURIFHQWHUV7KH
OLQHDU YHFWRU TXDQWL]DWLRQ /94 QHWZRUN XWLOL]HG LQ WKLV VWXG\ FRQVLVWHG RI WZR OD\HUV 7KH ILUVW OD\HU ZDV D
FRPSHWLWLYHOD\HUDQGWKHVHFRQGOD\HUZDVDOLQHDUOD\HU7KHFRPSHWLWLYHOD\HUOHDUQHGWRFODVVLI\LQSXWYHFWRUV
7KHOLQHDUOD\HUFRQYHUWHGWKHFRPSHWLWLYHOD\HU
VFODVVHVLQWRWDUJHWFODVVLILFDWLRQVDVLGHQWLILHGE\WKHXVHU %RWK
5%)1DQG/941DUHXWLOL]HGDVVXSHUYLVHGPHWKRGVWRSUHGLFWWKHFODVVRIWKHQHZLQFRPLQJVDPSOH7KHODEHOOHG
GDWDZDVXVHGWRGHWHUPLQHDVHWRISURWRW\SHYHFWRUVWKDWEHVWUHSUHVHQWHGHDFKFODVV7KHVHSURWRW\SHYHFWRUVZHUH
DOVRXVHGWRSUHGLFWWKHFODVVRIQHZLQFRPLQJVDPSOHGDWDDVGHSLFWHGLQ)LJXUH


)LJXUHWKHXWLOL]DWLRQRIQHXUDOQHWZRUNV5%)1DQG/94IRUVXSHUYLVHGFODVVLILFDWLRQ
4.2.1. Training the RBFN 

$UDQGRPO\RUGHUHGGDWDVHWIRUWUDLQLQJFRQWDLQLQJVDPSOHVZDVXVHGWRWUDLQ5%)17KHUHPDLQLQJGDWD
SRLQWVZHUHXVHGIRUWHVWLQJWKH5%)17KHWUDLQLQJSURFHVVZDVUHSHDWHGWLPHVIURPWKHEHJLQQLQJWRWKHHQG
IRU ILQGLQJ WKH EHVW SRVVLEOH QHWZRUN 7KHnewrbe IXQFWLRQ LQ0$7/$%ZKLFK LQFRUSRUDWHV D JUDGLHQW GHVFHQW
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DOJRULWKP IRU WUDLQLQJ WKHZHLJKWVZDV XVHG WR WUDLQ WKH QHWZRUN7KHQHWZRUN DFKLHYHG DSHUIRUPDQFHRI
DIWHUQHXURQVZHUHDGGHGRQHDFKVWHSXQWLOWKHQHWZRUNUHDFKHGQHXURQV7KHILQDOSHUIRUPDQFHSUHGLFWLRQZDV
JRRGDVWKHYDOXHZDVOHVVWKDQ
4.2.2. Training the LVQN 

7KHVDPHGDWDVHWXVHGWRH[SORLWWKH5%)1ZDVXWLOL]HGWRERWKWUDLQDQGWHVWWKH/9417KHFODVVHVREWDLQHG
E\NPHDQVZHUHXVHGDVWKHSULPDU\SURWRW\SHVWRVWDUW/941,Q/94DOHDUQLQJUDWHRIİ LVFRQVLGHUHG
lvqnet IXQFWLRQ LQ0$7/$%ZDV XVHG WR FUHDWH WKH QHWZRUN7KH QHWZRUNZDV WUDLQHG WR GHWHUPLQH WKHZHLJKWV
JLYHQWRFRQQHFWLRQVEHWZHHQWKHKLGGHQQHXURQVDQGWKHRXWSXWQHXURQ7KHQHWZRUNDFKLHYHGDPHDQVTXDUHHUURU
RI]HURDIWHUQHXURQVZHUHDGGHGXQWLOWKH\WRWDOOHGWR7KHSHUIRUPDQFHRIFODVVLILFDWLRQSUHGLFWLRQRIWKHWHVW
VHWZDVHTXDOO\ UREXVW)LJXUHGHSLFWV WKHFRQIXVLRQPDWUL[RI/941 IRUERWK WUDLQLQJDQG WHVWLQJ7KH UHVXOWV
LQGLFDWH WKDW WKHRXWSXW SHUIRUPDQFHRI/941 LVPXFKEHWWHU WKDQ5%)17KH QXPEHUVRIPLVFODVVLILFDWLRQVE\
5%)1DVLOOXVWUDWHGLQ)LJXUHDUHRXWRIVDPSOHLQSXWV7KHPLVFODVVLILFDWLRQVIRU/941DUH]HUR)LJXUH



2
XW
SX
WF
OD
VV

 41 0 0 0 100%    
 0 19 0 0 100%    
 0 5 35 0 88%    
 0 1 0 10 91%    
100% 76% 100% 100% 95%
    
   
     
)LJXUH&RQIXVLRQ0DWUL[IRUERWK7UDLQLQJDQG7HVWLQJE\/941 )LJXUH&RQIXVLRQ0DWUL[IRUERWK7UDLQLQJDQG7HVWLQJE\5%)1

5. Estimating utility of the current offer and generating counteroffer by SoS  
$PXOWLDWWULEXWHQHJRWLDWLRQVROXWLRQVSDFHLVQGLPHQVLRQDOPDNLQJLWGLIILFXOWWRKDQGOH7KHGHFLVLRQDERXW
KRZPXFKFRQFHVVLRQKDV WREHPDGH LQDSDUWLFXODU LVVXH LVEDVHGRQ WKHQHJRWLDWLRQVWUDWHJ\ IRU WKHQH[W URXQG
%DDUVODJ +LQGULNV 	 -RQNHU  ZLOOLQJQHVV WR FROODERUDWH DQG WKH 6R6¶V SUHIHUHQFH IRU DFTXLULQJ WKDW
FDSDELOLW\$IWHU LGHQWLI\LQJ WKHFODVVRIEHKDYLRU WKH6R6FRRUGLQDWRUFDQXVHD IX]]\ LQIHUHQFHHQJLQH WRGHFLGH
ZKHWKHUKHZLVKHVWRDFFHSWWKHV\VWHPVRIIHUUHMHFWWKHRIIHURUIXUWKHUQHJRWLDWH6HH)LJXUH
7DEOH'HFLVLRQE\6R6PDQDJHUIRUHDFKV\VWHP









7DEOH  GHVFULEHV WKH SURFHVV RI WXSOH OLQJXLVWLF DJJUHJDWLRQ IRU  DOWHUQDWLYHV DQG  DWWULEXWHV +HUUHUD	
0DUWtQH]7ZRV\VWHPV$DQG$DUHVHOHFWHGIRUIXUWKHUQHJRWLDWLRQ6\VWHP$LVDFFHSWHGWRSDUWLFLSDWH
LQ FRDOLWLRQ DQG$ V UHMHFWHG7KLV GHFLVLRQPDNLQJ SUREOHP LV GHDOW DV FRPSXWLQJZLWK ZRUGV &::ZKRVH
 
2
XW
SX
WF
OD
VV

 41 0 0 0 100%    
 0 19 0 0 100%    
 0 0 40 0 100%    
 0 0 0 11 100%    
100% 100% 100% 100% 100%
    
   
     
$WWULEXWHV$OWHUQDWLYHV $ $ $ $
:LOOLQJQHVVWRFROODERUDWH + 0 9+ /
&RRSHUDWLYHEHKDYLRU / 0 9+ /
3UHIHUHQFHRIFDSDELOLW\ 9+ + + 0
WXSOH/LQJXLVWLF
$JJUHJDWLRQ&::
+ 0 9+ /
'HFLVLRQRI6R6 1HJRWLDWH 1HJRWLDWH $FFHSW 5HMHFW
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OLQJXLVWLF WHUP VHW LV ^ORZPHGLXP KLJK YHU\ KLJK` ,I WKH DJJUHJDWLRQ LV D WXSOHZLWK WHUPV low LW LV UHMHFWHG
medium and highDUHQHJRWLDWHGIXUWKHUZKHUHDVvery highDJJUHJDWLRQYDOXHVDUHDFFHSWHGLPPHGLDWHO\


 )LJ)X]]\1HWZRUN$UFKLWHFWXUHDQGDVHWRIIRXUWHUPVZLWKWKHLUVHPDQWLFV
5.1. Generating counteroffer and Future Work 
$Q6R6FRRUGLQDWRUFDQHPSOR\GLIIHUHQWWLPHGHSHQGHQWDQGEHKDYLRUGHSHQGHQWVWUDWHJLHVWRJHQHUDWHWKHQH[W
RIIHURQFHKHVKHKDVDUULYHGDWDGHFLVLRQWRQHJRWLDWHIXUWKHU$QDOWHUQDWLQJSURWRFRORIRIIHUVDQGFRXQWHURIIHUVLV
HPSOR\HGWRUHDFKDILQDOGHFLVLRQDJUHHDEOHWRERWKSDUWLHV7KHFRQYHUJHQFHRIDQHJRWLDWLRQVWUDWHJ\<X5HQ	
=KDQJ  LQGLFDWHV WKDW WKH QHJRWLDWLQJ DJHQWV DUH FHUWDLQ WR FRPH WR DQ DJUHHPHQW LI WKH VSDFH RI DYDLODEOH
VROXWLRQV ZLWKLQ WKH SUREOHP LV QRW DQ HPSW\ VHW 7ZR IXQFWLRQV DUH JHQHUDOO\ HPSOR\HG IRU WKLV SXUSRVH WKH
SRO\QRPLDOIXQFWLRQDQGWKHH[SRQHQWLDOIXQFWLRQ)DUDWLQ6LHUUD	-HQQLQJV7KHVHIXQFWLRQVUHSUHVHQWDQ
LQILQLWHQXPEHURISRVVLEOHWDFWLFVRQHIRUHDFKYDOXHRIȾௌ&RHKRRQDQG-HQQLQJV7KHࢼKRZHYHUPXVWEH
FODVVLILHGLQWRRQHRIWKHIROORZLQJWKUHHIRUPVWRFKDQJHWKHEHKDYLRURIWKHHTXDWLRQV
x ࢼ!!7KLVFKRLFHLVPDGHLIWKHRSSRQHQWLV&RQFHGHUUHOXFWDQW6R6VWDUWVORVLQJJURXQGIDLUO\TXLFNO\
x ࢼ 7KLVFKRLFHLVPDGHLIWKHRSSRQHQWLV/LQHDU6R6FRQFHGHVHTXDODPRXQWLQHDFKURXQGRIQHJRWLDWLRQ
x ࢼ7KLVFKRLFHLVPDGHLIWKHRSSRQHQWLV%RXOZDUH6R6FRQFHGHVVORZO\WLOOWKHGHDGOLQHLVQHDUO\XS
)RUWKHH[DFWVDPHYDOXHELJRIVWUDWHJ\SDUDPHWHUࢼWKHSRO\QRPLDOIXQFWLRQLVVXSSRVHGWRFRQFHGHTXLFNHUDW
WKHVWDUW WKDQ WKHH[SRQHQWLDORQHDIWHUZKLFK WKH\EHKDYHVLPLODUO\6LHUUD)DUDWLQ	-HQQLQJVࢼFDQEH
XVHGLQERWKWKHHTXDWLRQVOLVWHGEHORZWRJHQHUDWHWKHQHZRIIHUE\WKH6R6FRRUGLQDWRU$FFRUGLQJWRWKHDVVLJQHG
FODVVRIWKHV\VWHPVRIIHUWKH6R6FRRUGLQDWRUFDQFKRRVHWRKDYHGLIIHUHQWYDOXHVIRUWKHVWUDWHJ\SDUDPHWHUࢼ)RU
DVHOILVKV\VWHPVWKHYDOXHRIࢼǤ
௜ܸௌ௢ௌሺݐ ൅ ͳሻ ൌ ௜ܸௌ௢ௌሺݐሻ ൅ ȁ ௜ܸௌ௢ௌሺݐሻ െ ௜ܸ௦ሺݐሻȁ כ ሺ ݐݐ݉ܽݔሻ
ͳ
ߚݏ3RO\QRPLDO
௜ܸௌ௢ௌሺݐ ൅ ͳሻ ൌ ௜ܸௌ௢ௌሺݐሻ ൅ ݁
ቌሺͳ൅ ݐݐ݉ܽݔሻ
ͳ
ߚݏቍכሺห௏೔ೄ೚ೄሺ௧ሻି௏೔ೞሺ௧ሻหሻ([SRQHQWLDO
+HUHͲ ൑ Ⱦௌ ൑ ͳLVWKHV\VWHP¶VVWUDWHJ\SDUDPHWHUDQGWLVFXUUHQWURXQGRIQHJRWLDWLRQVWݐ ൐ ͳ ௜ܸௌ௢ௌሺݐሻLVWKH
6R6¶VRIIHUWRWKHV\VWHPDWFXUUHQWQHJRWLDWLRQURXQGW ௜ܸ௦ሺݐሻLVWKHV\VWHP¶VRIIHUWRWKH6R6DWWLPHW
௜ܸௌ௢ௌሺݐ ൅ ͳሻLVWKH6R6¶VQHZRIIHUWRWKHV\VWHPXVLQJWKHHTXDWLRQVDQGݐ௠௔௫LVWKHPD[LPXPQXPEHURI
QHJRWLDWLRQVSRVVLEOH
%RWKDK\EULGNPHDQVZLWKDQ5%)1DQGDK\EULGNPHDQVZLWKDQ/941DOJRULWKPZHUHLPSOHPHQWHGLQWKLV
VWXG\7KH6R6GHFLVLRQPDNHUFDQILUVWFKRRVHWRQHJRWLDWHIXUWKHUZLWKDQ\RIWKHV\VWHPVEDVHGRQWKHLPSRUWDQFH
RIWKHLUIXQFWLRQDOLW\ZLWKLQWKHFROODERUDWLRQFDSDELOLW\RIIHUHGFRRSHUDWLRQOHYHOVDQGWKHLUSHUVRQDOZLOOLQJQHVV
7KH 6R6 FRRUGLQDWRU FDQ KHQFH VXFFHVVIXOO\ DGDSW KLV QHJRWLDWLRQ IUDPHZRUN EDVHG RQ WKH LQKHUHQW EHKDYLRU RI
V\VWHPVRZQHUV
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